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Introduction
Occurrence of all clinical manifestations of atherosclerosis increases with age. Aging is also
associated with the acquisition of and increments in major modifiable risk factors that
contribute to development of cardiovascular disease (CVD). This cluster of CVD risk factors
accompanying advancing age could account for much of the rise in CVD incidence as we
age. However, multivariable analysis, adjusting for the accompanying burden of risk factors,
indicates an independent contribution of age to the development of atherosclerotic CVD.
This suggests that the aging process per se promotes atherosclerosis. Nevertheless, it is
possible that a considerable proportion of the effect of age on CVD risk may be a reflection
of the intensity and duration of exposure to predisposing modifiable CVD risk factors that
accompanies aging. If this latter hypothesis is valid, correction or avoidance of these CVD
risk factors could allay some of the rise in incidence of CVD with age, as suggested by
Sniderman and Furberg in a recent viewpoint in the Lancet.1 Herein we use prospective
epidemiologic Framingham study data to investigate if, the age-associated escalation in
CVD risk is in fact modifiable, despite the contention that age per se is a non-modifiable risk
factor.

Age as an independent CVD risk factor
The Framingham Study has followed a cohort of the town’s population since 1950 gathering
data on age-related trends in CVD incidence and life expectancy. Multivariable analysis of
the prospective data clearly indicates an independent effect of age on CVD incidence taking
all the major risk factors into account. The cardiovascular system is strongly affected by the
“aging process”. However, in addition to intrinsic aging, the long-term burden of vascular
risk factors also underlies the structural and functional changes in the heart and vessels
(referred to as cardiovascular remodeling). Such remodeling of the vessels and the heart
eventually leads to CVD morbidity and mortality in the general population. Examination of
the risk of CVD in Framingham study participants who were designated as being at low risk
by current risk factor guidelines suggests that there is clearly an independent contribution of
age to occurrence of atherosclerotic CVD. However, this observation does not factor in the
duration of exposure to and the time it takes to acquire established CVD risk factors.
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Importance of concomitant burden of other risk factors
Although as noted, there is an independent influence of age on CVD risk, its influence is not
uniform. Examination of atherosclerotic CVD incidence in relation to age in the
Framingham cohort has revealed that at any age the risk of CVD events varies widely (4- to
5-fold) depending on the burden of accompanying risk factors. In other words, age per se
does not pose an invariant risk of CVD at a given age.

Because the Framingham study cohort has been followed biennially for development of
atherosclerotic CVD over more than 5 decades, it was possible to estimate the lifetime risk
of developing coronary or stroke events.2,3 The lifetime risk of a coronary (47%-31%) or
stroke (15%–18%) event in men and women of this cohort was alarmingly high.
Examination of the lifetime risk of these CVD events at specified index ages revealed that
the lifetime chance of acquiring them decreases with age (comparing lifetime risk in 40- or
50-year individuals with that in 60- or 70-year old people).2 Women had a higher lifetime
risk of stroke than men, presumably because of their longer life expectancy.3 The observed
decline rather than increase in probability of a CVD event with advancing age may reflect
the shrinkage of the time left to acquire it, but it could also support the notion of an inherent
resistance to cardiovascular risk factors in survivors to an old age. In other words, if age
alone was an overwhelming risk factor for CVD, one would expect the lifetime risk of CVD
to continue to escalate with increasing age.

Furthermore, examination of the lifetime risk of coronary disease in relation to multivariable
cardiovascular risk tertiles in the Framingham Study has indicated a steep rise in lifetime
CHD risk with an increasing burden of risk factors.4 However, the impact of the combined
load of risk factors did not increase with age in either sex.4 The fact that the influence of
multivariable CVD risk does not increase with age could be due to shorter possible follow-
up time in the very old, a greater survival of persons with a lesser burden of cardiovascular
risk factors throughout life, or an innate resistance to the effect of risk factors. These
findings are consistent with the concept of age as a hazard reflecting the length of exposure
to risk factors rather than a diminished capacity to cope with them with advancing age.
Genetic influences are likely to play a role, but are currently non-modifiable and the
impressive gains in life expectancy in 20th century are certainly not due to changes in genes.

It is important to note that the data cited above analyzed lifetime risk from middle age
onwards because the Framingham Study recruited subjects ages 30–62 years at the time of
the baseline examination in 1950. This should not be taken to mean that we advocate
waiting until middle age before modifying CVD risk factors. Earlier intervention is likely to
be even more efficacious in promoting a longer life free of CVD.

Importance of mid-life risk factors and their trajectory
An examination of whether midlife cardiovascular risk factors predict mortality and survival
free of major comorbidities to the age of 85 years was undertaken using the Framingham
Study cohort data in 2005.5 This prospective community-based cohort study involved 2,531
participants (1,422 women) who attended at least two examinations between the ages of 40
and 50 years. The comorbidities that were examined included myocardial infarction,
coronary insufficiency, congestive heart failure, stroke, cancer, and dementia. Stepwise sex-
adjusted logistic regression models were used to predict the outcomes of survival and
survival free of morbidity to age 85 years stratified by the burden of the following risk
factors: systolic and diastolic blood pressure, total serum cholesterol, glucose intolerance,
cigarette smoking, education, body mass index, physical activity index, pulse pressure,
antihypertensive medication, and electrocardiographic left ventricular hypertrophy.

Kannel and Vasan Page 2

Am J Cardiol. Author manuscript; available in PMC 2013 September 03.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



More than one-third of the cohort sample survived to age 85 years, and 22% of the original
study sample survived free of morbidity. Lower midlife blood pressure and total cholesterol
levels, absence of glucose intolerance, nonsmoking status, higher educational attainment,
and female sex predicted favorable overall and morbidity-free survival. The predicted
probability of survival to age 85 years fell markedly in the presence of accumulating risk
factors: 37% for men with no risk factors to 2% with all five risk factors; 65% for women
with no risk factors to 14% with all five risk factors (Figure 1).Clearly, recognizing and
modifying CVD risk factors can be expected to delay or prevent age-associated morbidity
and mortality.

Epidemiological studies have examined factors associated with overall and cause-specific
morbidity and mortality but limited data exist about factors associated with longevity. The
Framingham study previously examined factors associated with survival to 75 yrs of age in
middle-aged men and women. After excluding persons with cancer, CVD, or diabetes, 747
men and 973 women 50 yrs of age at routine clinical examination who could potentially
reach 75 yrs of age during follow-up were studied. Logistic regression modeling was used to
examine factors associated with survival. Fewer cigarettes smoked per day, systolic blood
pressure and higher forced vital capacity were associated with longevity in both sexes.
Lower heart rate in men and parental survival to 75 yrs in women were also associated with
survival to 75yrs. It was concluded that a number of lifestyles and one familial factor are
associated with increased life expectancy and that the data further support the positive
impact on life expectancy of health promotional efforts directed at smoking and control of
hypertension in middle-aged men and women 6.

The powerful influence of CVD risk factors on longevity was also noted in another
population-based study.7 The Honolulu Heart Program tested whether midlife biological,
lifestyle, and socio-demographic risk factors are associated with overall survival and
exceptional survival (free of a set of major diseases and impairments). A total of 5820
Japanese American middle-aged men (mean age, 54 years) free of morbidity and functional
impairments were followed for up to 40 years (1965–2005) to assess overall and exceptional
survival. Exceptional survival was defined as survival to a specified age (75, 80, 85, or 90
years) without incidence of 6 major chronic diseases and without physical and cognitive
impairment. Of the original participants, 42% survived to age 85 years and 11% met the
criteria for exceptional survival to age 85 years. High grip strength and avoidance of
overweight, hyperglycemia, hypertension, smoking, and alcohol consumption were
associated with both overall and exceptional survival. In addition, higher education and
avoidance of hypertriglyceridemia were associated with exceptional survival, and lack of a
marital partner was associated with mortality before age 85 years. Risk factor models based
on cumulative risk factors (survival risk score) suggest that the probability of survival to
oldest age is as high as 69% with no risk factors and as low as 22% with 6 or more risk
factors. The probability of exceptional survival to age 85 years was 55% with no risk factors
but decreased to 9% with 6 or more risk factors. It was concluded that avoidance of certain
risk factors in midlife is associated with the probability of a long and healthy life among
men.6

Yashin and coworkers extended these observations on midlife value of CVD risk factors to
the age-related trajectories of physiological indices and underscore that such trajectories of
CVD risk factors likely contain important information about aging-related changes in the
humans and, therefore, may help our understanding of human longevity.8 The authors
undertook a study to investigate whether shapes of such trajectories earlier in life affect the
residual life span distribution using longitudinal data from the Framingham Study. Seven
physiological indices were examined in relation to life spans of participants in the
Framingham cohort. These included: diastolic blood pressure, pulse pressure, body mass
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index, serum cholesterol, blood glucose, hematocrit and heart rate. The investigators
developed a method for assigning individuals to groups of potentially long-lived and
potentially medium-lived groups using age trajectories of physiological indices at the age
interval between 40 and 60 years. The analysis demonstrated that the longevity of
individuals who survived to age of 65 years depends on the behavior of the physiological
indices between 40 and 60 years of age.7

Lloyd-Jones et al in an analysis of Framingham data found that persons who attained age 50
yrs in the Framingham study with optimal risk factors (cholesterol <180 mg/dL, blood
pressure <120/80 mm Hg, non-smoker, non-diabetic) were almost immune (5–8%) to
development of CVD. Those with 2 or more risk factors had a 50–68% lifetime risk (Figure
2). Median survival for those with optimal risk factors after age 50 yrs was 39 years.4

Quantitative estimate of the impact of concomitant risk factors on age
effect

An analysis of the effect of age on CVD incidence with and without adjustment for risk
factors in each sex in the Framingham cohort provides estimates of the influence of
associated CVD risk factors on the age variable.9 Table 1 suggests that in men 11.9% of the
influence of age is attributable to accompanying risk factors; in women the corresponding
proportion is 40.3%. This is discernable from a comparison of the size of the age
coefficients for CVD incidence unadjusted versus that adjusted for associated risk factors
(systolic blood pressure, BMI, diabetes, smoking, total and HDL cholesterol). While the
chances of achieving advanced age is clearly influenced by susceptibility to CVD promoted
by modifiable risk factors, there is clearly a large residual risk imposed by age per se that is
currently unexplained. Also the greater proportion of the age effect explained by the burden
of risk factors in women than men is puzzling.

Conclusions
Life expectancy is markedly influenced by atherosclerotic CVD and modifiable risk factors
that predispose to it. Population research indicates that chances of surviving to age 85 years
are heavily dependent on the burden of established risk factors carried from middle age on.
Since the benefit of modifying these risk factors is well established in clinical trials, control
or avoidance of the recognized major risk factors appears to be necessary to enhance
chances of survival to an advanced age and may substantially reduce part of the aging-
associated risk of CVD. An overview of epidemiological data presented in this report
challenges the prevalent notion that age is a non-modifiable risk factor. It may well be that
age is to a large extent a reflection of the length of exposure to the burden of risk factors.
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Figure 1.
Probability of surviving to age 85 years according to number of CVD risk factors in mid-
life.
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figure 2.
Lifetime risk of CVD and median survival at age 50 years by risk factor status.
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Table 1

Effect of Age on risk of cardiovascular disease events: with and without adjustment for other cardiovascular
risk factors

No. of CVD
events/ No.

at risk

Age coefficient
unadjusted

Age coefficient
adjusted for
other factors

% of age effect
not due to
covariates

Men 718/4969 0.067 0.059 11.9%

Women 456/4522 0.072 0.043 40.3%

CVD= cardiovascular disease.

Covariate risk factors: systolic blood pressure, total cholesterol, HDL-C, BMI, diabetes, and smoking. Data are based on follow-up of 8491 original

cohort (examination 11) and Offspring cohort (examinations 1 and 3) participants for a 12-year period.9 The age coefficient indicates the
regression coefficient (per 1 year increment) from Cox proportion hazards regression models. The ratio of the regression coefficients for age with
and without adjustment for other risk factors indicates what proportion of the effect of age may be attributable to other risk factors.
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